been motivated by religious purposes and by those favoring the prohibition of alcohol for health and social reasons (Okrent 2010) . Governments have universally imposed various taxes on beer, wine and spirits as a source of revenue or to protect certain interests. For example, heavy import tariffs on French wines induced a massive shift from wine to beer consumption in 18 th century Britain (Nye 2011) .
In this paper we study beer consumption across countries and over time. We analyze empirically which factors have affected beer consumption. Before addressing the question "what makes a country a beer drinking nation?" more rigorously, it is obviously important to first analyze whether the images of countries in people's minds are actually true, i.e. whether our associations of a certain alcoholic drink with countries is consistent with their actual consumption habits. We will therefore first document beer consumption across countries and time. We will do this in two steps.
We start by briefly discussing beer and wine consumption in history. Afterwards we will turn to more recent times and look at comparative data. In the second part of the paper we then formally analyze the determinants of beer consumption across times and nations.
A Brief Historical Review 1
Traces of predecessors of our current beer were found several thousands of years ago in very distant places including North Africa, China and Europe. It is uncertain whether the technique to produce "beer" was discovered at one place and then spread among people and continents, or whether it was discovered at various places independently.
There are indications that "beer" was produced and consumed in China more than 7000 years ago (around 5000 BC) (Bai et al. 2011) . Outside China, it is well known that by the beginning of the 1 See Poelmans and Swinnen (2011) for a more elaborate discussion and for more references to the literature on the history of beer, including Nelson (2005) and Unger (2004) .
fourth millennium BC people in Mesopotamia, the fertile region between the Tigris and Euphrate rivers, and in Egypt were making beer. The earliest indications of beer production in Europe are from around 5000 years ago -3000 BC.
Interestingly, it appears that many regions which we now typically no longer associate with beer were initially "beer drinking nations". At the height of the Egyptian empire, beer was the drink of choice for all in Egypt. It was only later that the elite in Egypt shifted to preferring wine. However even then beer remained the drink for the masses. In more recent times beer consumption declined in
North Africa with the spread of Islam.
Also in Europe in many regions which are now associated with wine, people did drink mostly (or only) beer for thousands of years. For example, in what is now France, Spain, Portugal and
Northern Italy people drank beer, not wine, in the millennia before the Greek and Roman empires 2 .
The widespread consumption of wine and viniculture did not arrive in large parts of Southern Europe until the Romans conquered these parts of Europe. Both the Greeks and the Romans drank wine, and only wine, no beer. Moreover, they despised beer and its drinkers. They referred to them as barbarians, uncivilized etc. With the Roman conquest of Europe, wine consumption -and later production -spread over the continent. Northern Italy (above the Po-river), then Southern Gaul (France), the Iberian peninsula (Spain and Portugal), and later Northern Gaul (Northern France and Belgium) were conquered one by one by the Romans, and with it came a dramatic geographic spread of wine consumption and production.
Celtic people in (what is now) France, Spain, Belgium, Germany, and Britain were all avid beer drinkers, probably from very early times and for the most part even after the Roman conquests 2 There is evidence that the Greeks already exported wine to southern France, particularly via Massala (Marseille), starting from around 650 BC, and that there was some local production around Massala. However, even after that, for hundreds of years, in Southern Gaul (today's France) wine was a luxury item and only consumed by the upper class. According to Diodorus of Sicily, the price of wine was high: Gauls would exchange a slave for one jar of Italian wine (Nelson 2005: 49) . (Nelson 2005 This brief historical introduction shows that local traditions, climatic conditions, trade, technology diffusion with economic integration (through military means and conquests, or through migration and foreign investments), government regulations, economic development and religious constraints have a major impact on whether countries became "beer drinking nations", or not. Also in more recent times each of these factors appears to have been important in explaining (changes in) beer consumption.
Recent History and Current Situation
On a global level, beer consumption is much more important than wine or other alcoholic beverages in volume terms. Moreover, the gap has grown strongly over the past 50 years ( Figure 1 Since wine and other alcohol are typically more expensive than beer, the differences in value terms are smaller ( Figure 1 ). Between 1960 and 1990 the global value of beer and "other alcoholic beverages" was roughly equal and approximately double the value of wine. However over the past twenty years, the value of beer has continued to increase while that of "other alcoholic beverages" has stagnated. The global value of beer has been double that of wine over the past 50 years, with beers accounting for about 130 billion US dollars by 2005 and wine for about 65 billion US dollars. other emerging markets as well. Also in Russia and Brazil beer consumption has increased strongly over the past two decades and today these countries are larger beer markets than Germany. In all these countries the combination of income growth and economic liberalization has induced a dramatic growth of production and consumption. Also in India, there has been substantive growth in beer consumption in recent years albeit India is far behind China. In fact total Indian beer consumption is only slightly higher than that of Belgium (Arora et al. 2011) . To conclude whether a country is a "beer drinking nation" or not, one should not only consider total and per capita consumption but also compare beer consumption with consumption of other drinks such as wine and spirits. Table 2 presents the share of beer, wine and spirits in total alcohol consumption for several countries for 1961 and 2005 (see Appendix for the full list of countries). One can classify countries in "beer-drinking", "wine-drinking" and "spirit-drinking nations" based on which beverage has the highest share in total alcohol consumption. With the largest part of alcohol intake coming from beer, the US, Germany, the Czech Republic and Belgium have always been "beer-drinking nations" over the past 50 years. France and Greece are "winedrinking nations" and Russia and China "spirit-drinking nations". In summary, the indicators we reviewed in this section point to several interesting developments in the global beer market. In middle and low income countries which experience growth, such as China, Russia, Poland and India, beer consumption grows. In rich countries, however, further growth has led to a reduction in beer consumption per capita. These observations suggest a non-linear relationship between income and beer consumption. At the same time it seems that in many "beer-drinking nations" beer seems to loose importance in favour of other alcohol drinks, while the opposite is true in "wine-drinking" and "spirit-drinking" countries. In the regression model which we use later in the paper we will test whether such a non-linear, inverse-U function, relationship does indeed exist and whether there is international convergence in alcohol consumption patterns.
The Role of Trade
Before formally analyzing the determinants of beer consumption it is useful to consider the role of trade in beer markets. Convergence of alcohol consumption may occur through various mechanisms.
One of them is trade.
Because beer is a voluminous product, made up mostly of water, trade is costly. That is why trade in beer has traditionally been limited and restricted to neighbouring regions. Expansion of brewing companies happens mostly through mergers and acquisitions and brewing licenses for incountry production of foreign beers rather than actual trade of beer.
In recent years, trade has grown substantially in volumes and value. Trade growth was particularly strong in the past two decades, as Figure 6 illustrates. In the US imports increased from However, if one looks at trade as a share of total production one does not find such a spectacular growth. In fact, over the past 50 years trade in beer has always been a small fraction of production. Around 5 percent of global beer production is traded and this share has been quite constant over this entire period (see Figure 5 ). Still, as we will show further, increased trade openness seems to have been correlated with substantial changes in beer consumption globally and seems to contribute to converging patterns of alcohol consumption.
Determinants of the Demand for Beer
In the rest of this paper we try to explain these patterns of beer consumption both across countries and over time.
Conceptual issues and literature
Economic theory predicts that an individual consumer's demand for beer is a function of the price of beer, the prices of substitutes and complements, the consumer's income, the product's characteristics, and the consumer's level of consumption capital (Tremblay and Tremblay 2005). Important substitutes for beer include other alcoholic beverages, such as wine and distilled spirits, and soft drinks. The fact that beer, like other alcoholic beverages, is potentially addictive, also affects the demand for beer. Addiction will influence demand directly and will vary with an individual's consumption capital (Stigler and Becker 1977) . For an addictive commodity, current consumption may be higher when past and expected future consumption are higher (Becker and Murphy 1988;
Akerlof 1991). Finally, peer pressure and advertising that promotes the image that drinking alcohol is the social norm, may encourage alcohol consumption (Akerlof and Kranton 2000) .
As far as we are aware, there are no earlier econometric studies analyzing changes in global beer consumption across many countries and over a long period of time. There are, however, many studies analyzing the determinants of alcohol consumption, including beer, in various countries. The majority of studies conclude that beer is a normal good but that income has a relatively small effect on demand. The mean income elasticity is between 0.35 and 0.90 for most countries (Fogarty, 2010) . A few studies find a negative income elasticity (e.g. Niskanen 1962; Gallet and List 1998; Nelson 2003 for the US). However, the vast majority of the studies find income elasticity to be positive. In the light of our earlier graphical analysis, it is interesting to note that none of the studies identifies the apparent non-linearity of the relationship between beer consumption and income.
Demographic factors also affect the demand of beer. Typically, men are more likely to drink beer than women and beer is more popular for consumers aged 18-44 than for those aged 45 and over. Studies that control for demographics find that demand rises with growth in the young adult population (Ornstein and Hanssens 1985; Lee and Tremblay 1992; Larivière et al. 2000; Nelson 2003 ).
Studies also find country effects as well as regional differences within large countries. For example, in the US, residents of the Northeast and the West are more likely to be beer drinkers than residents of other regions. Per capita beer consumption is much lower in Utah, where many
Mormons live, and highest in Nevada (Tremblay and Tremblay 2005) .
Empirical Model
We now estimate the relationship between beer consumption and a series of variables, such as income, climatic and religious effects, and the impact of global integration over the past decades, across a large group of countries 6 . To measure impacts and differences in beer consumption between countries and over time, we use a pooled approach, looking at both the variation between and within the countries, and an approach that focuses at the variation over time within countries only. First, we look at how beer consumption and the share of beer in total alcohol consumption varies between and within countries, making use of a pooled OLS regression and we calculate cluster-robust standard errors. We estimate the following regression, using annual data for 104 countries for 35 years (1970 till 2005 ) :
where the dependent variable ‫ݕ‬ it is an indicator of beer consumption; ߙ is a constant term; ‫ݔ‬ it represents a vector of time varying explanatory variables; ‫ݖ‬ represents a vector of explanatory variables that do not vary over time; and u it is the error term.
Second, using a fixed effects analysis, we isolate the within-effect. We try to explain the evolution of beer consumption and its share in total alcohol consumption within countries over a period of 35 years . We include time dummies and use cluster-robust standard errors.
We estimate the following fixed effects regression model: . Percentages of beer, wine and spirits in total pure alcohol consumption are taken from the Global Alcohol Database (WHO 2010).
The first explanatory variable is income. We include this variable also in squared terms to capture possible non-linear effects. We use nominal GDP in per capita terms in US dollars for our main results because the time series is long for this indicator . We also include robustness checks with GDP per capita based on purchasing power parity ( Third, to account for the impact of relative price effects we created a country-specific proxy for the relative price of beer to wine. There are no good price datasets available covering many countries and such long periods. The proxy variable we use is measured as the ratio of unit import prices for beer over wine. FAO data on import values and volumes for beer and wine are used (FAO 2010) . We should emphasize that there may be endogeneity problems with this variable: countries with a high demand for beer are often countries where own beer production is high while wine is imported, which could be the reason for a lower relative beer-to-wine price. Hence, we should interpret the estimated coefficients of this variable with care -for several reasons.
Fourth, we use the minimum and maximum temperature and average rainfall as indicators for the environmental and climatic conditions which affect beer production. Country-level aggregated climate data are taken from the Tyndall Centre for Climate Change Research (Mitchell et al. 2004 ).
Fifth, we include a set of indicators to measure the impact of religion on beer consumption.
Specifically, we use data on the share of different religions among the countries' population in the year 1970, taken from the Religion Adherence Database constructed by Barro and McCleary (2005) .
Since we expect religion to have an impact on the volume of alcohol consumption but not on the share of different types of alcohol, we include the religion shares only in the regression with 'beer consumption per capita' as the dependent variable.
Finally, to measure possible convergence effects we included a variable which indicates whether the country was initially a "beer-drinking country". A dummy (0-1) variable "beer-drinking country" equals 1 when the share of beer in total alcohol consumption was higher than that of wine and spirits in the first available data on the shares of different alcoholic drinks (WHO 2010). In the fixed effects analyses, this dummy is interacted with the openness variable.
Regression results
The results are presented in Tables 3 and 5 for the pooled OLS regressions and in Tables 4, 6 and 7 for the fixed effects regressions. Tables 3 and 4 have beer consumption per capita as the dependent variable. In Tables 5, 6 and 7 the dependent variable is beer as a percentage of total alcohol consumption. The first column in each table shows the simple regression analysis with only per capita income and its square as explanatory variables. In the following columns other explanatory variables are added.
Our first important result is that we do indeed find an inverted-U shaped relation between income and per capita beer consumption in all pooled OLS ánd fixed effects specifications. From the pooled OLS regressions (Table 3) , we find that countries with higher levels of income initially consume more beer. Yet, the second order coefficient on income is negative, indicating that from a certain income level onwards, higher incomes lead to lower per capita beer consumption. The first and second order effects for income are strongly significant and the coefficients are quite robust across the different specifications.
The fixed effects regression results confirm this (Table 4) , so the non-linear relationship for income holds not only between countries, but also within individual countries over time. As a country becomes richer, beer consumption rises, but when incomes continue to grow, beer consumption starts to decline at some income level. We calculated the turning point, i.e. the point where beer consumption starts declining with growing incomes, to be approximately 22,000 US dollars per capita.
A similar non-linear relationship with income is found in the regressions with the percentage of beer in alcohol as the dependent variable (Table 4 and 6). So up to a certain income level, rising incomes correspond to a higher share of beer in the consumption of alcoholic drinks, but after that point the share of beer becomes less.
The coefficients for the globalization-indicator suggest that increased openness corresponds to higher beer consumption, but they are not significantly different from zero (Tables 3 and 4) . We do find a significant effect of openness on the share of beer in total alcohol consumption (Table 5 ).
This share reduces with increased openness. In Table 6 we see that the interaction term of openness with the dummy indicating whether or not the country was initially "beer-drinking", has a significantly negative coefficient. If we divide the sample into a low income and a high income group (Table 7) , we see that this effect is present in both income groups. This result partially confirms earlier studies stating that countries converge in their alcohol drinking patterns. In countries where beer was the most important alcoholic drink, increased openness is correlated with a fall in the relative importance of beer in alcohol consumption. However, we do not find a significant effect of increased openness on the share of beer for those countries where beer was initially not the most important alcoholic drink.
For the other variables the results are according to expectations. For the price of beer relative to wine a negative effect is found in the OLS regressions (Tables 3 and 4) , which corresponds to the intuition that consumption of beer is lower when its price relative to a substitute -wine -is higher.
As expected, a higher relative price of beer corresponds to a lower share of beer in total alcohol consumption. From the fixed effects regression we see that the evolution in the indicator of the relative price of beer and wine is not correlated with beer consumption over time (Tables 5 and 6 ).
The climatic variables indicate that beer consumption is higher where minimum temperatures are not too low and maximum temperatures not too high, corresponding to temperate climatic regions, though multicollinearity causes the effect to disappear once the variables on religion shares are inserted. The climatic variables do not seem to affect the share of beer in total alcohol consumption (Tables 3 and 4) .
The importance of different religions also affects beer consumption. High shares of Jews and
Muslims in a country correspond to lower levels of beer consumption, while countries with high percentages of Catholics and Protestants consume more beer (Table 3) .
Robustness tests
In Table 8 and 9 we test whether the results hold for the different continents separately. In the pooled OLS regressions, we find the same inverted-U shape for the income variable for the continents separately as for the overall regression, except for Africa. In the fixed effects regressions, the coefficients have the expected signs for Europe, America and Asia, but are mostly not significantly different from zero if we use cluster-robust standard errors. Randomly joining these continents two by two does result in significant coefficients that are positive for the income variable and negative for its square 7 . For Africa results are different and beer consumption exponentially increases with income, which is probably related to the fact that income in African countries is still low.
We checked whether our results hold when using GDP per capita in PPP terms, which is a preferable income indicator but for which data is only available from 1980 onwards. In Table 10 we show the results from our main regression using GDP in PPP terms, instead of nominal GDP. In the first column, we show the results from the fixed effects regression with beer consumption as the dependent variable, which strongly confirm the existence of a non-linear relationship between income and beer consumption. In the second column the results from the fixed effects regressions with the share of beer in alcohol consumption as the dependent variable are reported. Also here we see a pattern of convergence: in countries that were initially "beer drinking", the share of beer in total alcohol consumption goes down with increasing globalization. Also the results from the pooled OLS-regressions using GDP in PPP terms as the income indicator are consistent with earlier results and can be found in Table A .2 in Appendix.
Conclusion
In this paper we study the evolution of beer consumption between countries and over time.
An overview of the historic evolution of beer consumption in the world indicates that consumption of beer has changed importantly over time. Also over the past 50 years consumption patterns in beer have changed strongly, with decreasing consumption in the traditional "beer drinking nations" and strong growth in emerging economies.
We analyzed the determinants for beer consumption and estimate an empirical model to explain "what makes a country a beer drinking nation". Our first empirical result is that the relationship between income and beer consumption is non-linear. Beer consumption initially increases with rising incomes, but at higher levels of income beer consumption falls with further income growth. Second, we find that in countries that were originally "beer drinking", the share of beer in total alcohol consumption reduces with opening of trade and increasing globalization, while this is not the case in the "non-beer drinking nations". These findings are partially consistent with the idea that there is convergence in the consumption patterns of alcoholic beverages, as suggested in the literature.
Finally, other factors that can explain the different levels of beer consumption between countries are the climatic conditions, the importance of different religions in the country and the relative price of beer to other alcoholic drinks. The bold numbers indicate which beverage has the highest share in total alcohol consumption. Based on this criterion we classify the country as a "beer-drinking", "wine-drinking" or "spirit-drinking country" in that period.
Source: WHO Global Alcohol Database (2010) Year dummies included Cluster-robust standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01 Table 7 . Fixed effects analysis -% beer in total alcohol consumption for two income groups
The sample is divided in two groups: the low income group contains the countries with an income of less than 5000 US dollar per capita in 2005, and the high income groups contains the countries with an income higher than that threshold.
% beer in total Year dummies included Cluster-robust standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01
Table 8. Robustness check: Pooled OLS-regression per continent
This regression is based on specification (5) in Table 3 . This regression is based on specification (4) in Table 5 . (Oceania and Middle East are not reported since they include only 2 and 5 countries respectively) Cluster-robust standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01
Only coefficients for GDP per capita, openness and relative price are reported here. Variables on climate and religion are included in the regressions but not shown.
Table 9. Robustness check: Fixed effects regression per continent
This regression is based on specification (2) in Table 5 . This regression is based on specification (2) in Table 6 . (Results for Oceania and Middle East are not reported since they include only 2 and 5 countries respectively) Year dummies included Cluster-robust standard errors in parentheses p < 0.10, ** p < 0.05, *** p < 0.01 Table 10 . Robustness check: Fixed effects regressions using GDP per capita based on PPP as income indicator
The regressions in the first and second column are based on specification (3) in Table 4 and 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 Billion litres 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 Billion US dollars 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 The regressions in the first and second column are based on specification (5) in Table 2 and specification (4) in Table 5 
Value

Billion US dollars Billion liters
